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(S) Distortion compensation for analog optical systems. 



@ A distortion arrangement for analog optical 
communication systems is disclosed which is 
capable of compensating for system-level dis- 
tortion attributable to a number of factors in- 
cluding, but not limited to, 
frequency-dependent transmitting device 
characteristics, transmission fiber dispersion, 
doped fiber amplifier gain variations. The dis- 
tortion arrangement includes a distortion signal 
path (36) which is configured to characterize 
the total system nonlinearity, utilizing for 
example a harmonic generator (38), derivative 
generator (48), attenuating means (adjustable) 
(44,50) and time delay means (adjustable) 
(46,52). The distortion arrangement may be co- 
located with an optical transmitter and defined 
as a predistortion arrangement or, conversely, 
co-located with an optical receiver and defined 
as a postdistortion arrangement. In general, 
both a predistorter and postdistorter may be 
utilized. 



FIG. 4 

>(t) 



36- 



54 



-32 



58 



i(t) 



44 

\ 



jo .L A. sn 



Kt) 



30 



Q. 
UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 524 758 A2 



2 



Background of the Invention 

Technical Field 

The present invention relates to distortion com- 
pensation for analog optical communication systems 
and, more particularly, to the utilization of electronic 
distortion to compensate for nonlinearities present 
within the communication system. 

Description of the Prior Art 

A growing area for analog optical communication 
systems is the common antenna television (CATV) 
network. In particular, recent advances in long wave- 
length distributed feedback (DFB) laser technology 
have made possible the transport of multiple CATV 
channels over one single mode fiber at X = 1 . 3 ujti. 
See, for example, "Lightwave subcarrier CATV trans- 
mission systems", by T.E. Darcie et al. appearing in 
IEEE Trans . Microwave Theory Tech., Vol. MTT-38, p. 
524, 1990. The low levels of analog distortions and 
noise from the DFB lasers have been found to satisfy 
the system requirements such that the presence of 
many channels over a common communication path 
does not noticeably affect the reception of any partic- 
ular channel. 

It has been well documented, however, that non- 
linearities of the DFB laser affect the composite sec- 
ond order (CSO) distortion of the system. Predistor- 
tion circuits have been developed to compensate for 
the laser non linearity, one exemplary arrangement 
being disclosed in U.S. Patent 4,992,754 issued to H. 
A. Blauvelt et al. In this particular arrangement, the 
distortion is compensated by applying a predistorted 
signal equal in magnitude and opposite in sign to the 
distortion introduced by the DFB laser. The input sig- 
nal is split into two paths with the primary part of the 
signal applied directly to the device, with a time delay 
to compensate for delays in the secondary path. A 
predistorter in the secondary path generates harmon- 
ic signals, the amplitude of which is adjusted to match 
the amplitude of the distortion. A tilt adjustment is 
made to compensate the amplitude of the predistor- 
tion for the frequency dependence of distortion. Af ine 
adjust of the delay is also included so that the phase 
of the predistortion signal is properly related to the 
phase of the primary signal. 

Additional sources of nonlinearities not discussed 
in the Blauvelt et al. reference, for example, the inter- 
action of FM chirp intrinsic to a DFB laser with fiber 
dispersion, can also affect the system performance, 
as discussed in the article "Dispersion-Induced Com- 
posite Second-Order Distortion at 1.5 uin", by E.E. 
Bergmann et al. appearing in IEEE Photonics Tech. 
Lett, Vol. 3, No. 1, January 1991, at pp. 59. As dis- 
cussed in the Bergmann et al. reference, dispersion 
nonlinearity can be counteracted by utilizing disper- 



sion-shifted fiber, reducing laser chirp, or limiting ap- 
plications* to relatively short spans (e.g., < 3km). Ex- 
emplary predistortion compensation for this combin- 
ation is discussed in an article entitled "Electrical Pre- 

5 distortion to Compensate for Combined Effect of Las- 
er Chirp and Fibre Dispersion", by H. Gysel et al. ap- 
pearing in Electronic Letters, Vol. 27, No. 5 at pp. 421- 
3. Gysel et al. discuss the utilization of a varactor di- 
ode/inductor combination to build in the inverse of the 

10 expected distortion in the signal as applied to the opt- 
ical transmitting device. 

Within the past year, doped fiber amplifiers have 
become available which can be used in a CATV net- 
work to significantly increase the link loss budget. In 

15 particular, the erbium doped fiber amplifier (ED FA) is 
an attractive component since it exhibits high saturat- 
ed output power, polarization independent amplifica- 
tion, and low intrinsic optical noise. The high saturated 
output power of an EDFA is of particular importance 

20 to CATV transport and distribution applications. Fur- 
thermore, its saturated gain characteristic does not 
respond to input signal variations at speeds faster 
than a few kilohertz because of the small absorption 
and stimulated emission cross sections, as well as the 

25 long metastable lifetime of the erbium ions. However, 
when an EDFA is used to amplify an analog optical AM 
CATV multiple carrier signal from a directly modulated 
DFB laser, an increase in the system distortion is ob- 
served. 

30 In general, the combination of the above-noted 

dispersion sources, along with other nonlinear com- 
ponents confined within the communication system, 
result in an overall system-based nonlinear effect 
which may distort the system performance. Prior art 

35 compensation techniques, which address distortion 
at the component level (i.e., prior to installation in a 
communication system), cannot provide adequate 
compensation for the overall analog communication 
system. 

40 Thus, a need exists for reducing the signal distor- 

tion attributed to the system-level nonlinearity present 
within an operating analog optical communication 
system. 

45 Summary of the Invention 

The need remaining in the prior art is addressed 
by the present invention which relates to distortion 
compensation for analog optical systems and, more 

50 particularly, to the utilization of electronic distortion to 
compensate for nonlinearities present within the com- 
munication system. The electronic distorter may com- 
prise a predistorter (located at the optical transmitting 
device), a post distorter (located at the optical receiv- 

55 ing device), or both. 

In an exemplary embodiment of the present in- 
vention, a distorter arrangement comprises a mes- 
sage signal path and a distortion signal path. The in- 
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put signal i(t) destined for either an optical transmitting 
device (i.e., predistorter configuration) or a system 
user (i.e., postdistorter configuration) is applied as an 
input to the distorter and divided between the two sig- 
nal paths. The distortion path includes compensation s 
means for characterizing the distortion-generating 
nonlinearities of the system and producing as an out- 
put a compensating signal which is essentially the in- 
verse of the system's distortion and functions to sub- 
stantially cancel the effects of the distortion. The input 10 
signal and distorted signal may be subsequently ad- 
justed in terms of relative magnitude and phase, then 
combined and provided as the distorter output. 

One arrangement of the present invention, capa- 
ble of compensating for distortion introduced by the 1 5 
utilization of doped fiber amplifiers, comprises distor- 
tion generating means including a harmonic genera- 
tor (e.g., "squarer" for second-order harmonics or 
"cuber" for third-order harmonics), attenuating 
means, time delay means and, perhaps, an inverter, 20 
where the attenuating means and time delay means 
may be adjustable. As will be discussed in detail be- 
low, an inverter may be required depending upon the 
slope of the amplifier gain with respect to the system 
wavelength. 25 

In an alternative arrangement, correction for dis- 
tortion introduced by fiber dispersion is provided by a 
harmonic generator, differentiator, attenuating means 
and time delay means, where, again, the attenuating 
means and time delay means may be adjustable. In 30 
one application, a first derivative signal is used for fib- 
er dispersion compensation, where in general any 
derivative (or combination of derivatives) may be in- 
cluded. Further, separate distortion paths may be in- 
cluded, one for correcting system-based wavelength- 35 
dependent gain or loss, and another for dispersion 
compensation. In general, any suitable number of dis- 
tortion signal paths may be used, and the various 
compensating signals summed and added to the orig- 
inal modulation signal. 40 

Frequency-dependent AM- or FM-response relat- 
ed distortion (related to the optical transmitting de- 
vice) may also be compensated utiizing a combina- 
tion of a frequency distorter located at the input of the 
compensation means, and a frequency compensator 45 
located at the output of the compensation means. The 
predistorter is configured to essentially model the fre- 
quency-dependent circuit present at the input of the 
transmitting optical device and is located before the 
compensation means such that the compensation 50 
means "sees" the same frequency-dependent signal 
as the transmitting device. 

An advantage of the arrangement of the present 
invention is that the magnitude and phase of the vari- 
ous distortion and modulation signals may be adjust- 55 
ed to compensate for the specific characteristics of 
the associated system or, alternatively, to modify the 
predistorter in response to changes within the system 



as a function of time. 

Other and further advantages of the present in- 
vention will become apparent during the course of the 
following discussion and by reference to the accom- 
panying drawings. 

Brief Description of the Drawing 

Referring now to the drawings, 

FIG. 1 illustrates an electronic distorter formed in 

accordance with the present invention; 

FIG. 2 contains a graph illustrating the effect of 

fiber dispersion on composite second order 

(CSO) distortion; 

FIG. 3 contains a graph illustrating the effect of a 
doped fiber amplif ier on CSO distortion; 
FIG. 4 illustrates an exemplary electronic distor- 
ter of the present invention, capable of compen- 
sating for both fiber dispersion and fiber amplifi- 
er-related distortion; 

FIG. 5 contains a graph of calculated doped fiber 
amplifier gain and second order distortion 
curves, as a function of wavelength, for a prede- 
termined input power level; 
FIG. 6 contains a graph illustrates the reduction 
in CSO with the inclusion of an electronic predis- 
torter of the present invention; 
FIG. 7 illustrates an alternative electronic predis- 
torter of the present invention, including frequen- 
cy-dependent compensation elements; and 
FIG. 8 illustrates an exemplary analog optical 
communication utilizing both a predistoter and 
postdistorter formed in accordance with the 
teachings of the present invention. 

Detailed Description 

For analog optical communication systems such 
as amplitude modulated CATV, a significant source of 
system distortion can be attributed to composite sec- 
ond order (CSO), which is a measure of the relative 
power level of a desired signal in a predetermined 
channel (for test purposes, the desired signal would 
be the carrier channel) to the largest distortion peak 
due to second-order contributions- o^t a>2. Depending 
upon the application, the requirement may be that the 
CSO for any channel must be better than (i.e., lower 
than) -55dBc or -60 dBc. In general, it is not neces- 
sary to perform such an individual analysis since the 
distorter of the present invention is formed to charac- 
terize the system nonlinearities as a whole and pro- 
vide compensation on the system level. As mentioned 
above, the distortion arrangement may be configured 
to provide compensation for any desired transmission 
wavelength, where common systems utilize either 1 .3 
um or 1.55 fim. For optical systems operating at X = 
1.55 um (desirable for the incorporation of erbium- 
doped fiber amplifiers), the intrinsic DFB laser chirp 
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interacts with the dispersion of standard fiber (i.e., not 
dispersion-shifted fiber) to create levels of CSO 
which are unacceptable. As well, when an erbium- 
doped fiber amplifier (e.g., EDFA) is utilized to in- 
crease the available optical power, the above- 5 
mentioned laser chirp interacts with the EDFA gain 
profile (i.e., non-flat with respect to wavelength) in a 
manner which increases the level of CSO distortion. 

FIG. 1 illustrates a generalized block diagram of 
an exemplary electronic distorter 1 0 formed in accor- 10 
dance with the present invention, where as discussed 
above, the distorter may be located with an optical 
transmitter, and be defined as an electronic predistor- 
ter, or with an optical receiver, and be defined as an 
electronic postdistorter. In general, the discussion 15 
which follows is applicable to either configuration un- 
less otherwise specified. Referring back to FIG. 1 , 
distorter 10 receives as an input the (electronic) sig- 
nal i(t) which is conventionally applied directly to eith- 
er the optical transmitting device (predistorter conf ig- 20 
uration) or system user (postdistorter configuration). 
Within distorter 10, signal i(t) is split by branching 
means 12 into two separate paths, a message path 14 
and distortion path 16. Distortion path 16 includes 
compensation means 18, as described in detail below, 25 
which is configured to provide a distortion signal 
which is the inverse of the distortion exhibited by the 
communication system (not shown). In particular, 
compensation means 18 may comprise a plurality of 
separate signal paths, where each path is utilized to 30 
form a different distortion signal component, as will 
be described in detail below. As indicated by the ar- 
rows within compensation means 18, each distortion 
signal path may be separately adjustable such that a 
distortion signal may be tailored to characterize the 35 
particular distortion introduced by the associated 
communication system. In general, the distortion of 
each system may be different, as a function of the 
length of communication fiber, number and type of 
nonlinear devices, FM chirp of the transmitting device, 40 
and so on. To attempt to characterize these nonlinear- 
ities before installation of the system is a difficult task, 
at best. Therefore, electronic distorter 10 of the pres- 
ent invention may be formed to include adjustable de- 
vices such that the distortion compensation may be 45 
performed subsequent to the deployment of the 
transmission system, providing as an output of com- 
pensation means 18a signal ffi(t)], where f[.] depends 
upon the specific system nonlinearities. Referring 
back to FIG. 1 , message path 1 4 may also include at- so 
tenuating means 20 and time delay means 22 to form 
as the output from message path 14a signal gi(t- t 0 ). 
Attenuating means 20, which may be adjustable, is 
utilized to adapt the magnitude g of input signal i(t) 
and time delay means 22 (which may also be adjust- 55' 
able) is utilized to adapt the phase x g of the input sig- 
nal. Signals gi(t- x g ) and f[i(t)] are subsequently com- 
bined in an adder 24 and provided as the output of dis- 



torter 10. 

One source of distortion in an analog optical com- 
munication system is the chromatic dispersion intro- 
duced by the transmitting optical fiber. The effect of 
fiber dispersion on distortion can be studied by meas- 
urements upon 1.55 urn DFB lasers as a function of 
fiber length. FIG. 2 illustrates the change in composite 
second order (CSO) distortion as a function of fiber 
span for CATV channel 2 (55.25 MHz, 31 CSO com- 
ponents), channel 12 (205.25 MHz, six CSO compo- 
nents), and channel 40 (319.25 MHz, 12 CSO compo- 
nents). As can be seen, the CSO becomes increasing- 
ly large as the length of the fiber increases and as the 
channel frequency increases. Additionally, it has been 
found that the CSO is worse for lasers with larger 
chirp. Theoretically, the CSO attributed to the laser 
chirp-fiber dispersion combination for a particular 
channel 7* can be represented as follows: 



8 2 /dp^2 



where 



. . _ p.. dv dp k 2 

b -^ DL dT*^' 



d£ 

dl 



and 



and Cj is the number of CSO components, g>j is the an- 
gular frequency at which distortion occurs, m is the 

modulation index, p is the average optical power, ^£ 

dl 

is the optical slope efficiency, 03 is the system attenu- 
ation, D is the fiber dispersion, L is the fiber length, 
dv/dl is the laser chirp, X is the average signal wave- 
length, and c is the speed of light. 

Another influence on system nonlinearity may be 
the presence of a doped fiber amplifier, where the 
contribution to CSO distortion from such an amplifier 
has been found to result from inadvertent FM to AM 
conversion within the doped region of the fiber ampli- 
fier, or alternatively, from an external modulator such 
as a lithium niobate- based device. When, for exam- 
ple, a DFB laser is directly modulated through injec- 
tion current, its optical frequency varies likewise. 
When this frequency modulated signal passes 
through the fiber amplifier (which has wavelength de- 
pendent gain G(v)), it experiences unwanted ampli- 
tude modulation, superimposed upon the desired am- 
plitude modulation of the input signal. Therefore, the 
effective L-l curve from the combination of the DFB 
laser and fiber amplifier is either super-linear or sub- 
linear, thus resulting in the unwanted second order 
distortion. 

FIG. 3 illustrates CSO distortion for CATV chan- 
nels 2, 12 and 40 at various input powers correspond- 
ing to various levels of gain saturation for an EDFA 
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(with the pump power level held constant). As shown, 
the CSO's of the three channels are separated by ap- 
proximately 7dB and 4dB, indicating that the distor- 
tion is dominated by frequency independent mecha- 
nisms. The second order distortion, denoted 2HD, re- 
lated to the presence of an EDFA can be represented 



dG dv 



2HD = 



where — is defined as the slope of the EDFA curve, 

ov 

dv/dl is the frequency chirp, l m is the amplitude of the 
modulation current, and G (p, v 0 ) is defined as the 
time invariant gain. The CSO distortion related to the 
second order distortion can be expressed as follows: 

CSOj = Cj[2HD] 2 
Thus, even if the chromatic dispersion is limited, sec- 
ond order distortion related to EDFAs remains in the 
form of amplifier gain variations. These variations are 
related to the EDFA input power, pump power and 
temperature and, therefore, will depend upon the ap- 
plication. 

FIG. 4 illustrates an exemplary electronic distor- 
ter 30 capable of compensation for the various CSO 
distortions discussed above. An input signal i(t), nor- 
mally applied directly to either an optical transmitting 
device (predistorter configuration) or system user 
(postdistorter configuration), is passed through dis- 
torter 30 so as to emerge in a form which provides in- 
creased linearity to the operation of the system. Re- 
ferring to FIG. 4, predistorter 30 comprises a splitter 
32 which directs input signal i(t) into a message signal 
path 34 and a distortion signal path 36. Distortion path 
36 includes a harmonic generator 38 which functions 
to generate a predetermined harmonic of modulation 
signal i(t). In particular, harmonic generator 38 may 
provide a squared version i 2 (t) of the modulation sig- 
nal, a cubed version i 3 (t), or any other suitable har- 
monic. When composite second order distortion in 
dominant in the system, a "squared" signal i 2 (t) is the 
preferred output. The output from distortion generator 
38, denoted i k (t), is subsequently divided between a 
pair of distortion signal paths 40 and 42. As illustrated, 
exemplary distorter 30 utilizes a first distortion path 
40 to compensate for system nonlinearities attributed 
to the presence of doped fiber amplifiers along the 
signal path, where CSO distortion attributed to such 
amplifiers has been discussed above. First distortion 
path 40 includes an attenuator 44 and time delay 
means 46, where the output signal from first distortion 
path 40 is denoted ai* (t - x a ). Both components 44 and 
46 may be adjustable and thus modified by the sys- 
tem user to provide the correct level of distortion com- 
pensation for the doped fiber amplifiers included with- 
in the system. Further, the sign of the magnitude may 
also be modified within attenuator 44 (or by a sepa- 
rate inverter component), since the distortion as a 
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function of amplifier gain may be either positive or 
negative. FIG. 5 contains plots of both EDFA gain and 
second order distortion (2HD) amplitude, as a func- 
tion of wavelength. As shown, the sign of the distor- 
tion changes from positive to negative as a function 
of the wavelength. Therefore, for communication sys- 
tem utilizing doped fiber amplifiers, it may be neces- 
sary to include an inverting element. 

Referring back to FIG. 4, second distortion path 
42 within distorter 30 is utilized to compensate for the 
fiber dispersion, also referred to as chromatic disper- 
sion, attributed to the fiber transmission path. Second 
distortion path 42 includes a differentiator 48, attenu- 
ator 50 and time delay means 52, where components 
50 and 52 may be adjusted by the user to provide the 
correct level of distortion compensation. Differentia- 
tor 48 is utilized to form the j-the derivative of the mod- 
ulation signal, where in the case of fiber dispersion 
correction, the first derivative is utilized. The output 
from second path 42 is defined by the term 

b di2 ^ Tb \ assuming the first derivative signal is 

used. Signal i(t) along message signal path 34 may 
also be passed through an adjustable attenuator 54 
and time delay 56 so as to form an output signal ci (t 
- x c ). The signals along all three paths are then sub- 
sequently added within a combiner 58 to form a dis- 
tortion compensation output signal l(t), where l(t) may 
be expressed as follows: 

dJi*(t-T b ) 



|( t ) = ci(t-T c ) + ai*(t-T a ) + b^ 



dtf 



where x a , x b and t c may be adjusted by the time delay 
means such that the three terms arrive simultaneous- 
ly at combiner 58. 

FIG. 6 illustrates the CSO, as a function of EDFA 
gain for a CATV system utilizing an electronic predis- 
torter formed in accordance with the teachings of the 
present invention. As shown, the CSO has been re- 
duced, for all channels, to an acceptable level of - 
60dBc or less, as the (saturated) amplifier gain is var- 
ied form 5 to 20dB. 

In addition to the distortion factors discussed 
above, frequency-dependent response may exist 
within the communication system. For example, the 
chirp of on optical transmitter is known to depend 
upon the frequency of the carrier. FIG. 7 illustrates an 
exemplary predistorter 60 of the present invention 
which addresses this frequency-dependent problem. 
Similar to arrangements described above, predistor- 
ter 60 is responsive to modulation signal i(t) and in- 
cludes a splitter 62 which functions to divide signal i(t) 
into two components, sending a first component 
along message signal path 64 and a second compo- 
nent along distortion signal path 66. Distortion path 
66 includes a frequency predistorter 68 which is 
formed to model as closely as possible the frequency 
dependence of the (packaged) transmitter response 
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network F (not shown) at the input of the optical trans- 
mitting device. This pre-distortion frequency factor is 
necessary so that the remaining distortion compo- 
nents along signal path 66 "see" the same frequency- 
dependent signal as the optical device. Distortion 5 
path 66 further comprises a (harmonic) generator 70, 
differentiator 72, attenuator 74 and time delay means 
76, generally referred to as distortion means 80, 
which functions as described above to form the re- 
quired predistorted signal. It is to be noted that the rel- 1 o 
ative placement of the components within distortion 
means 80 may be altered without affecting the oper- 
ation of the distortion means. The output from distor- 
tion means 80, denoted f[F{i(t)}], is subsequently ap- 
plied as an input to frequency compensation means 15 
82, which is configured to perform the inverse fre- 
quency-dependent function, denoted F" 1 , on the out- 
put of distortion means 80. The frequency-compen- 
sated output is subsequently combined with the out- 
put from message signal path 64 (which may also con- 20 
tain adjustable attenuating 84 and time delay 86 com- 
ponents) within an adder 88 to form the output predis- 
torted signal I (t) which is subsequently applied as an 
input to the optical device. 

As mentioned above, electronic distortion com- 25 
pensation of the present invention may be utilized as 
either a predistorter (located with an optical transmit- 
ter) or a postdistorter (located with an optical receiv- 
er), or both. FIG. 8 illustrates an exemplary analog 
optical communication system utilizing both a predis- 30 
torter 90 and a postdistorter 92, where each may be 
separately adjusted to correct for various system non- 
linearities. For example, predistorter 90 may provide 
the frequency-dependent correction described above 
in association with FIG. 7, and postdistorter 92 may 35 
provide the correction for fiber dispersion and EDFA 
gain described above in association with FIG. 4. In 
general, both predistorter 90 and postdistorter may 
include attenuating and time delay components which 
may be configured to optimize the system perfor- 40 
mance. 



Claims 

45 

1. In an analog optical communication system, a dis- 
tortion arrangement for compensating nonlinear- 
ities associated with said communication system, 
said predistortion arrangement comprising 

splitting means (12), responsive to an in- so 
put signal (i(t)), for dividing the input signal be- 
tween a message signal path (14) and a distortion 
signal path (16); 

compensation means (18) disposed along 
the distortion signal path for characterizing sys- 55 
tern nonlinearities and generating a corrective 
signal comparable to the distortion associated 
with said communication system; 



attenuating means (20) for modifying the 
relative magnitudes of the signals along the mes- 
sage and distortion signal paths; 

time delay means (22) for aligning the 
phase of the signal along the message signal 
path with the phase of the signal along the distor- 
tion signal path; and 

combining means (24) for adding the 
phase adjusted output signals to form the output 
signal of the distortion arrangement. 

2. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 1 where- 
in the distortion arrangement is located with an 
optical transmitter and defined as a predistortion 
arrangement. 

3. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 1 where- 
in the distortion arrangement is located with an 
optical receiver and def ined as a postdistortion 
arrangement. 

4. In an analog optical communication system, a dis- 
tortion arrangement as defined in daim 1 where- 
in the attenuating means is adjustable. 

5. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 1 where- 
in the time delay means is adjustable. 

6. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 1 where- 
in the attenuating means and the time delay 
means are disposed along the message signal 
path. 

7. In an analog optical communication system, a dis- 
tortion arrangement as defined in claims 1 ,4 or 5 
wherein the copensation means comprises 

harmonic generation means responsive to 
the input modulation signal for forming a k-th 
power thereof; 

attenuating means responsive to the out- 
put of the harmonic generation means; and 

time delay means responsive to the output 
of the harmonic generation means. 

8. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 7 where- 
in the harmonic generation means forms a sec- 
ond harmonic version of the input signal capable 
of compensating for second order distortion with- 
in the analog communication system. 

9. In an analog optical communication system, a dis- 
tortion arrangement as defined in claims 1,4 or 5 
wherein the arrangement further comprises in- 



6 



11 



EP 0 524 758 A2 



12 



verting means disposed along the distortion sig- 
nal path for changing the sign of the magnitude of 
the distortion signal. 

10. In an analog optical communication system, a dis- 5 
tortion arrangement as defined in claims 1,4 or 5 
wherein the compensation means comprises 

harmonic generation means responsive to 
the input signal for forming a k-th harmonic ver- 
sion thereof; 10 

differentiating means responsive to the 
output of the harmonic generator for forming the 
j-th derivative thereof; 

attenuating means responsive to the out- 
put of the differentiating means; and 15 

time delay responsive to the output of the 
differentiating means. 

11. In an analog optical communication system, a dis- 
tortion arrangement as defined in claims 1 ,4 or 5 20 
wherein the compensation means comprises 

harmonic generation means responsive to 
the input signal for forming a k-th power thereof; 

first attenuating means responsive to the 
output of the harmonic generation means; 25 

first time delay means responsive to the 
output of the first attenuating means for generat- 
ing a first distortion output signal; 

derivative means responsive to the output 
of the harmonic generation means for forming the 30 
j-th derivative of the harmonic signal; 

second attenuating means responsive to 
the output of the derivative means; 

second time delay means responsive to 
the output of the second attenuating means for 35 
generating a second distortion output signal; and 

combining means for adding the output 
signals from the message signal path, first distor- 
tion signal path and second distortion signal path 
to form the output signal of the distortion arrange- 40 
ment. 

12. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 11 
wherein any combination of first and second at- 45 
tenuating means and the first and second time 
delay means are adjustable. 



13. In an analog optical communication system as 
defined in claims 11 or 12 wherein the optical 
communication system comprises an amplitude 
modulated CATV system, a distortion arrange- 
ment wherein the harmonic generation means 
utilizes k=2 to form a second harmonic signal. 

14. In an analog optical communication system, a dis- 
tortion arrangement as defined in claim 1,4 or 5 
wherein the arrangement further comprises fre- 



50 



55 



quency compensating means including 

frequency predistortion means, config- 
ured to model the frequency-dependent input 
characteristic of an optical transmitting device, 
the frequency predistortion means disposed at 
the input to the compensation means; and 

fequency compensation means disposed 
at the output of the compensation means, the fre- 
quency compensating means configured to es- 
sentially cancel the frequency-dependent re- 
sponse at the input of the optical device. 

15. In an analog optical communication system, a dis- 
tortion arrangement as defined in claims 1,4 or 5 
wherein the arrangement further comprises a 
postdistortion unit located with an optical receiv- 
ing device, said postdistortion unit postdistortion 
unit located with an optical receiving device, said 
postdistortion unit comprising 

splitting means, responsive to an input sig- 
nal, for dividing the input signal between a mes- 
sage signal path and a distortion signal path; 

compensation means disposed along the 
distortion signal path for characterizing system 
nonlinearities and generating a corrective signal 
comparable to the distortion associated with said 
communication system; 

attenuating means for modifying the rela- 
tive magnitudes of the signals along the message 
and distortion signal paths; 

time delay means for aligning the phase of 
the signal along the message signal path with the 
phase of the signal along the distortion signal 
path; and 

combining means for adding the phase ad- 
justed output signals to form the output signal of 
said postdistortion unit. 

16. A method of forming a distortion compensation 
signal for an analog optical transmission system, 
the method comprising the steps of: 

a) splitting an input modulation signal between 
a message signal path and a distortion signal 
path; 

b) forming a k-th harmonic of the signal on the 
distortion signal path; 

c) attenuating the magnitude of the signal 
formed in step b); 

d) delaying in time the signal formed in step c); 
and 

e) combining the signal on the message signal 
path with the signal formed instep d) to form 
a distortion compensation signal. 

17. The method according to claim 16 wherein in per- 
forming step b), the second harmonic is formed 
to compensate for composite second order dis- 
tortion. 
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18. The method according to claim 16 wherein in per- 
forming step c), the attenuation is adjustable. 

19. The method according to claim 16 wherein in per- 
forming step d), the time delay is adjustable. 5 

20. The method according to claim 16 wherein the 
method comprises the further steps of: 

f) forming a j-th derivative of the signal formed 

in step b); 10 

g) attenuating the magnitude of the signal 
formed in step f); 

h) delaying in time the signal formed in step g); 
and 

i) combining the signal formed in step h) with 15 
the combined signals of step e). 

21. The method according to claim 20 wherein in per- 
forming step g), the attenuation is adjustable. 



22. The method according to claim 20 wherein in per- 
forming step h), the time delay is adjustable. 
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(g) Distortion compensation for analog optical systems. 

(57) A distortion arrangement for analog optical 
communication systems is disclosed which is 
capable of compensating for system-level dis- 
tortion attributable to a number of factors in- 
cluding, but not limited to, frequency-dependent 
transmitting device characteristics, transmission 
fiber dispersion, doped fiber amplifier gain 
variations. The distortion arrangement includes 
a distortion signal path (36) which is config- 
ured to characterize the total system non- 
linearity, utilizing for example a harmonic gene- 
rator (38), derivative generator (48), attenuating 
means (adjustable) (44,50) and time delay 
means (adjustable) (46,52). The distortion arran- 
gement may be colocated with an optical 
transmitter and defined as a predistortion arran- 
gement or, conversely, co-located with an optical 
receiver arid defined as a postdistortion arran- 
gement. In general, both a predistorter and 
postdtstorter may beutilized. 
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